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1. Thermodynamics plays a crucial role and has broad applications in analyzing the interaction between 
human and environmental systems at different scale levels. Without it, the major options and 
constraints in technology development cannot be specified.  
This thesis 
 
2. Bioethanol technology contributes to the overall supply of energy/exergy resources in a less efficient 
way than the process by which the ecosphere produces fossil fuels, albeit at different time scales. 
This thesis 
 
3. The global production of first generation liquid biofuels has considerably increases the total 
anthropogenic natural resource use, using thermodynamic resource indicators. 
This thesis 
 
4. Thermodynamic resource indicators show that in titania production the sulfate route demands more 
resources than the chloride route. 
This thesis 
 
5. Emergy is a concept based on energy rather than exergy at the level of the ecosphere. 
This thesis; cf. Sciubba, Energy (2010) 
 
6. Evaluating technologies as to their potential for contributing to sustainable development may pose 
the biggest challenges to industrial ecology and related sustainability sciences. 
This thesis; cf. Allenby, J Ind Ecol (2009) 
 
7. Though referring to the same reality, choices on metrics, methods, and system levels may 
substantially determine the share and volume of various energy resources required for different 
product technologies, as shown in the case studies of bioethanol and titania. 
This thesis 
 
8. Reckoning with thermodynamics is a necessity when assessing technological choices to limit the level 
of human influence to the thermodynamically feasible minimum for specific techno-systems and the 
thermodynamically sustainable maximum for human society as a whole. 
This thesis 
 
9. It is time to put an idea into practice when it pops up for the third time 
